A B S T R A C T Recent epidemiologic studies have suggested that cardiac disease is common in diabetics and may often have a noncoronary basis. To examine the status of the left ventricle, 17 adult-onset diabetics of familial type without hypertension or obesity underwent hemodynamic study and were compared to 9 controls of similar age.
Of the 17, 12 subjects had no significant occlusive lesions by coronary angiography. From this group eight without heart failure had a modest, but significant, elevation of left ventricular end-diastolic pressure. End-diastolic and stroke volumes were reduced, but ejection fraction and mean rate of fiber shortening were within normal limits. The left ventricular enddiastolic pressure/volume ratio was significantly higher than controls. Afterload increments effected a significant increase of filling pressure compared to normals without a stroke volume response, consistent with a preclinical cardiomyopathy. Four patients with prior heart failure had similar but more extensive abnormalities. None had local dyskinesia by angiography, and lactate production was not observed during pacing-induced tachycardia. Left ventricular biopsy in two patients without ventricular decompensation showed interstitial collagen deposition with relatively normal muscle cells. These findings suggest a myopathic process without ischemia.
Postmortem studies were performed in 11 uncomplicated diabetics. Nine were without significant obstructive disease of the proximal coronary arteries, and the majority succumbed vwith cardiac failure. On left ventricular sections, none had evident luminal narrowing of the intramural vessels. All nine exhibited periodic acid-Schiff-positive material in the interstitium. Collagen accumulation was present in perivascular loci, between myofibers, or as replacement INTRODUCTION A relatively high incidence of cardiac deaths in patients with diabetes mellitus has been attributed to coronary atherosclerosis and its complications (1) . However, two recent studies of vessel pathology in diabetics failed to support the assumption that all cardiac deaths were related to this process. In a quantitative study of the extent of surface involvement in the coronary vessels, only a modest increase in the quantity ofatherosclerotic disease was present in diabetics compared to age-and sex-matched controls (2) . In addition, Ledet observed that intramural vessels commonly exhibited accumulation of glycoprotein but did not show luminal narrowing (3) . Thus, the question is raised as to whether a portion of the cardiac diabetic population may have primary myocardial abnormalities as a basis for their symptomatology, independent ofischemia, hypertension, or obesity.
As an initial approach to this problem in a canine model with chronic diabetes, ventricular function and compliance were observed to be abnormal (4) , associated with accumulation of periodic acid-Schiff-(PAS) positive glycoprotein in the myocardium as well as increments of triglyceride. In humans, a functional abnormality was also found in noncardiac adult diabetics by the systolic time-interval method (5), similar to the preclinical abnormality of ethanolism (6, 7) .
This report is concemed with an examination of left ventricular function and coronary arteriograms after the development of cardiac symptoms in uncomplicated adult diabetics with a familial history, to determine if the development of symptomatology is deThe Journal of Clinical Investigation Volume 60 October 1977-885-899 pendent on the presence of myocardial ischemia. A second approach involved morphologic studies at autopsy of diabetics who, except for age and duration of diabetes, had characteristics similar to those in the clinical study.
METHODS
Patients were selected from the diabetes clinic to investigate symptomatology of chest pain or dyspnea. After obtaining informed consent, cardiac catheterization was performed to evaluate the presence of coronary artery disease and left ventricular dysfunction. All had normal sinus rhythm and were compared hemodynamically with a group of nondiabetic subjects who after diagnostic catheterization were considered to be "hemodynamic normals." In the diabetic subjects diagnosis was established in each before the onset of cardiac symptoms, since glucose intolerance may occur secondary to heart disease (8) . None were known to have had pancreatitis. They were generally well controlled without ketosis having been treated by diet, insulin, or oral hypoglycemic agents in a dosage of 0.5-2 g daily (Table I) manometer and have given equivalent systolic and enddiastolic pressures, in accord with a prior study (12) . A polyethylene catheter (ID 1.13 mm and 70 cm long) was introduced through the left brachial artery by the Seldinger technique and advanced to the aortic root 1-2 cm above the valve. Catheters were flushed intermittently with degassed saline. Pressures were recorded on an oscilloscopic recorder simultaneously from the left ventricle and aorta using Statham strain gauges (P23Gb, Statham Instruments, Inc., Oxnard, Calif.) for the left ventricular pulse and a zero reference point taken at the mid-chest with the patient supine. Ventricular diastolic pressure was recorded at a sensitivity where 1 mm Hg equaled 5 mm on the tracing at a paper speed of 100 mm/s. The frequency response of the system was linear from 0 to 30 cycles/s. End-diastolic pressures were measured over at least two respiratory cycles and then averaged.
Cardiac output was measured from indocyanine green dilution curves sampled from the aortic root after pulmonary artery injection. Three successive curves were averaged to calculate the forward flow. Stroke volume, stroke work, as well as end-diastolic volume calculated as the ratio of mean stroke volume to mean ejection fraction, were then obtained as previously reported (13) . The left ventricular ejection fraction was measured by indicator dilution using indocyanine green dye introduced into the left ventricle at the level ofthe inflow tract. The injection and sampling characteristics of this system have been previously described (13) . Briefly, the dye was introduced by sudden injection, and blood was sampled in the aortic root at 2 ml/s through a Gilford densitometer (Gilford Instrument Co., Oberlin, Ohio) by means of a Harvard pump (Harvard Apparatus Co., Inc., Millis, Mass.). Sampling system dead space was <2.1 ml, a volume sufficiently small to clear the system at heart rates of <120/min (present in the study patients), given the rapid sampling rate. Under these conditions in a hydraulic model, distortion of the indicator dilution curves was not seen. Left ventricular ejection fraction by this technique has shown good reproducibility in this model under nearly ideal conditions of mixing and sampling with a mean coefficient of variation of 3% (13) .
Mixing has been a problem for the in vivo measurement of volume in the right ventricle, presumably due to inflow patterns which promote nonmixing (14) . To determine if satisfactory mixing occurs in the left ventricle of the normal intact anesthetized dog, we have compared sequential ejection fractions after fluoroscopic placement of a GoodaleLubin catheter in different locations of the left ventricle for injection of 5 ml of dye in normal saline. Each ventricular location was compared with the left atrial injection site, which is assumed to provide complete mixing of dye with ventricular chamber blood, inasmuch as identical indicator dilution downstroke slopes have been obtained after injections into either chamber of an atrioventricular model (15) . In addition, a previous study comparing left ventricular end-diastolic volume measurements during injection ofa thermal indicator into the left atrium or ventricle of the intact dog, revealed a correlation coefficient of 0.98 between these two injection sites (16) . To assess this point in regard to indocyanine green, serial comparisons were made in which heart rate and aortic pressure were comparable in the intact anesthetized dog. Four left atrial injections were made via a catheter followed immediately by injections at the apex of the ventricle for four determinations, with a correlation coefficient of 0.97 in 12 comparisons (4). The atrial injections were then repeated, and the catheter was immediately placed in the midventricle at the level of the inflow tract; the correlation coefficient was 0.94 for 12 comparisons. After a third atrial run, dye was injected into the upper third of the ventricular chamber in the outflow tract, yielding a relatively low correlation.
These data indicate that the requirement for adequate mixing of dye with blood in the ventricle is met by injections at the level of the apex and inflow tract, the site used in these studies in man. Reproducibility in normal humans has been good with a mean coefficient of variation of 5.1% (13) . It appears likely that in subjects with normal chamber size, as in our group A-1 patients or in patients with mild-to-moderate enlargement, adequate mixing of dye occurs.
With the angiographic technique, rapid sequential measurements are not feasible as with green dye, because sustained depression of ventricular function may be produced in the abnormal heart (17) . It is known that the ejection fraction in man differs by the two techniques, the angiographic method yielding a value -14% higher when compared at similar levels of heart rate and aortic pressure (18) . This is thought to be due to a higher rate of ejection as a result of the large bolus of contrast material injected into the left ventricular chamber. Thus, in animals with endocardial radiopaque markers for comparison, a 1-ml/kg injection of angiographic dye elicited a 12% ejection fraction increment between the second and fourth beat, as calculated from the endocardial markers, and persisted at a higher level for many beats (19) . Left ventricular systolic and diastolic pressures and the first derivative of ventricular pressure were increased by 15, 22 , and 17%, respectively. After a 5-ml injection of indocyanine green into the left ventricular chamber in man, we have observed no significant effect on these pressures during transcription of the dye curve, so that the injection artifact appears to be negligible with the indicator dilution method. Despite a systematic difference between the two techniques, there is a good correlation of the ejection fraction derived from the indicator dilution and angiographic techniques, with a correlation coefficient of0.824 (18) .
In terms of end-diastolic volume, the angiographic technique has yielded systematically lower values than the indicator dilution method, averaging 13% lower in the Hugenholtz study with a correlation coefficient of 0.96 (18) . While an absolute test of accuracy in vivo is not available, two additional studies comparing the indicator dilution technique with independent methods have shown good agreement (20, 21) . The former (20) represents a revision of a previous conclusion that the indicator dilution technique differed substantially from angiographic data (22) . For the above reasons and the fact that valid angiograms were obtained in a minority of normals, the indicator dilution method was the primary technique used in this study.
In addition to ejection fraction, the mean rate of fiber shortening was evaluated by dividing the difference between the calculated end-diastolic and systolic circumferences by the product of the systolic ejection period and end-diastolic circumference. The dilution curves, pressures, electrocardiograms (ECG) were recorded on an Electronics for Medicine, Inc., (White Plains, N.Y.) DR-8 recorder. In selected patients, ventricular function was also assessed during afterload increments with angiotensin (6, 22 (27) .
To assess the potential presence of myocardial ischemia, a pacing catheter was placed in the right atrium, the rate was accelerated to between 130 and 145 for 6 min, and the patients were studied during one-to-one conduction. A coronary sinus catheter tip was positioned half-way between the ostium and the border of the cardiac silhouette and was frequently checked to verify its position. In the control and pacing states, serial paired samples were taken from the aorta and coronary vein for substrate analyses, and the whole blood was immediately deproteinized with 6% perchloric acid. The clear supernate was kept chilled, stored frozen, and analyzed within 6 days, a period in which the substrates in the perchloric extracts have been found to remain stable. Lactic and pyruvic acids were determined in duplicate enzymatically using fluorometry (28, 29) The second part of the study involved autopsies of diabetics who had a previous diagnostic work-up or a sufficiently long hospital stay to permit diagnostic study. These patients had similar characteristics as the first group, but were older and known to be diabetic for a somewhat longer average duration. Autopsies were performed within 18 h of death during which time the body was kept at 50C. The left main coronary artery and its epicardial branches were transsected in situ at 4-mm intervals to determine luminal narrowing, estimated visually as the percentage reduction of the crosssectional area when compared to the normal lumen. Each heart was cut in 1-cm slices for visual examination. Histochemical examinations were performed on left ventricular specimens, 10 x 2 mm and 5 ,um in thickness, taken from the free wall at the apex and halfway to the base as well as the anterior and posterior segments of septum. These included hematoxylin-eosin, trichrome, Alician blue, PAS after diastase treatment, and Congo red with polarized light (30, 31) . Comparative studies were also performed in five nondiabetics of similar age range without known cardiovascular disease. After the histological sections were prepared, the final interpretations and estimates of the degree of positivity of the PAS and trichrome stains were evaluated by the pathologist without knowledge of the diagnosis. Slides from the nondiabetic controls and diabetics were intermixed as unknowns for blind grading. The two groups were compared by the Mann-Whitney test for two independent samples, using the actual ranks of the different observations (32) .
The light microscopy studies were supplemented by a limited electron microscopic study. As a feasible approach to examining myocardial ultrastructure, biopsies were obtained in diabetics during open heart surgery for valve replacement using a Vim-Silverman-type needle. Samples were taken from the free wall of the left ventricle, 1 cm above the apex at the anticipated site of venting; these were 6-8 mm long and 1-2 mm in diameter. This was limited to patients with pure mitral stenosis because the left ventricle does not enlarge and frequently exhibits normal function in adults with this disease (33, 34 To assess whether the lipid composition of the ventricle was altered in a manner similar to the diabetic animal model (4), 1-g samples of grossly normal ventricle were taken from the same sites as the tissue for morphological examination. After trimming, these were analyzed for triglyceride (35) , phospholipid (36) , and cholesterol (37). RESULTS 17 patients had coronary angiograms. There was no significant obstructive disease of the coronary vessels in 12 patients, as judged by two independent viewers. This included two subjects who had single vessel involvement with narrowing of lumen diameter <30%. Ventriculograms showed no evidence of regional contractile deficits, mitral regurgitation, or floppy valve. These were designated as group A, with a mean age of 49+3.5 yr; the clinical data is summarized in Table I .
Diabetic group A-1 consisted of eight of these subjects who had no clinical evidence of heart failure. Heart size appeared normal by conventional cardiac series, angiographic criteria, and ECG, except for one who had mild left ventricular enlargement. This group exhibited a significant reduction ofstroke volume index and elevation of end-diastolic pressure at rest (Table   III) , as compared to controls.of similar age range (Table   II) . Inasmuch as end-diastolic volume was significantly less than in controls, the reduced stroke volume appeared to be secondary to abnormal filling of the ventricle. Using the ratio of end-diastolic filling pressure to volume as an indicator of end-diastolic wall stiffness, a significant increment was present in the diabetic group (Table III) . Ejection fraction by the indicator-dilution technique did not differ significantly from controls. The mean rate of fiber shortening also showed no significant difference at 1.76+0.29 circumference/s in normals and 1.48±0.19 circumference/s in this group of diabetics.
In five patients of group A-1, the status of the ventricle was further assessed during infusion of angiotensin at a rate which was adjusted to raise aortic diastolic pressure between 15-18 mm Hg. The dose of hormone averaged 1.5 ,ug/kg per min over a 15-min period. Although the response in normals was associated with a significant stroke volume increment and a small rise of end-diastolic pressure (6) , the diabetics demonstrated a significant rise of filling pressure compared to controls (P < 0.02), without a significant increment of stroke volume (Table IV) . These hemo- dynamic data are consistent with the response of a cardiac medications were discontinued. They were preclinical cardiomyopathy. similar in age to group A-1 but tended to have a Four diabetics (group A-2) had episodes of cardiac longer duration of diabetes and lower body weight, failure for 6-15 mo and were studied at least 48 h after as well as ECG evidence of hypertrophy and minor C refers to data at rest before angiotensin infusion. E refers to data during angiotensin infusion. * Control data previously presented (6).
Nonpaired t test was P < 0.02.
repolarization changes. Stroke volume was reduced still more, associated with a higher end-diastolic pressure and an elevated ratio of end-diastolic pressure to volume (Table III) . Diffuse hypokinesis was detected in three of four subjects by ventriculogram. Ventricular ejection fractions and volumes obtained by the indicator dilution studies were compared with those derived by left ventriculography in 10 of 11 diabetics from the three patient groups, excluding one in whom ectopic beats invalidated the angiogram. The mean value by indicator was 0.419±0.32% compared to 0.545±0.03 by angiography, with a correlation coefficient of 0.79. The angiographic value is lower than that in our normals of 0.66±0.05%. End-diastolic volume by the two techniques gave a correlation coefficient of 0.88. In the pooled diabetics, the enddiastolic volume index by the indicator method was 68.4±4.3 ml vs. 61.6±3.4 with angiography. Thus, in comparing the diabetic patients of group A-1 with controls, there was a real difference from controls using the same technique in both groups. This malfunction was confirmed by afterload increments.
Since ischemia on a microvascular basis could not be excluded in group A patients, atrial pacing to a rate of 140-145 per minute was induced to determine whether lactate production could be evoked during this stress (Fig. 1) . Arterial concentrations of lactate and pyruvate did not change, and the arterial-coronary sinus concentrations of the latter substrate were not significantly altered during the tachycardia in any of the three groups In none of the six diabetics without coronary disease from group A (two from the decompensated subgroup), was there a rise in coronary venous lactate concentrations, a decrease in the arterial-coronary sinus differences, or a significant decline in the coefficient ofextraction oflactate as calculated from lactate arterial -venous/arterial concentrations. The latter is clearly above the level seen in diabetic patients with significant coronary angiographic abnormalities (group B), suggesting that the abnormality of myocardial function in group A was not related to ischemia. ECG leads II and V5 revealed no significant ST depression during pacing in normals of group A; in three group B subjects, ST depression was 1 mm and was associated with anginal pain.
Group B, with an average age of 47±3.3 yr, consisted ofdiabetic patients who had greater than 50% reduction of luminal diameter in at least one major coronary artery. In addition to hypertrophy, one had incomplete right bundle branch block and one an anterior hemiblock. Diffuse hypokinesis or local dyskinesia was present in each of the five and mitral regurgitation was observed in one patient (Table V) . While stroke volume was reduced and end-diastolic pressure was higher in this group than in group A-1, these resting parameters did not differ from group A-2.
A more advanced stage of diabetes was evaluated at postmortem in 13 diabetic subjects with ages ranging from 43 to 65 yr and fasting blood sugar from 146 to 262 mg/100 mg. The known duration of diabetes varied from 5 to 28 yr. There were nine without significant luminal narrowing of the extramural coronary vessels (Group 1), although fatty streaks or relatively flat, uncomplicated plaques were present in the majority. There was no evidence of diastolic hypertension or marked obesity in the subjects of group 1, and the serum cholesterol and triglyceride were within the normal range in six of the eight with data available. Patients with significant coronary artery disease were classed as group 2 (Table VI) . Six of the nine in group 1 had heart failure in the terminal episode; the remainder had septicemia, renal failure, and stroke. Pulmonary emboli were associated in one-third of the group. Examination of the kidneys revealed a diffuse increase of PAS-positive material in the glomerular mesangium in six patients and nodular glomerulosclerosis in three. None had evidence of hepatic cirrhosis.
Heart weight in group 1 ranged from 300 to 550 g, and three of the nine had gross scar approximating 1 cm2 in the free wall of the left ventricle. No mural thrombi or systemic emboli were found. In examining the status of the intramural vessels, 15 arteries were viewed per tissue section. In four of the nine cases the wall of the smaller intramural vessels was thickened, usually to a mild extent. Not all vessels in these four patients were involved and in none was there unequivocal narrowing. Consequently, there was no clear evidence that either large or small coronary vessel occlusive disease contributed to the myocardial pathology in this group of patients.
Morphological examination was performed on tissue samples as unknowns from areas of muscle that were grossly normal in appearance. There was no evidence of inflammatory cell infiltration but significant ac-890 Regan cumulation of PAS-positive, diastase-resistant material when scattered diffusely through the muscle sample, was observed in the interstitium between muscle the tissue was graded as 3+ (Fig. 2b) . On statistical fibers (Table VI) . Controls had no more than a trace, analysis using the Mann-Whitney test, the diabetics classed as 0-1+ (Fig. 2a) . In diabetics the accumula-were significantly different from controls (P < 0.002). tion of PAS material in a focal form was graded at 2+; None ofthe patients were positive for Congo red under (Fig. 3a) . In mildest form this was manifested on trichrome stain as accumulation of collagen around intramural vessels to an extent greater than in controls. This was graded as 1+ when localized and 2+ when observed throughout the tissue sections (Table VI) . In others, the collagen fibers appeared to penetrate from the periarterial location to lie between muscle bundles in a patchy distribution (Fig. 3b) . This was graded as 3+ when there was minimal or no apparent myofiber loss and 4+ when fragmentation or degeneration of muscle cells was predominant. Comparison of diabetics and controls indicated a significant difference (P < 0.002).
In three patients of group 1 without significant coronary occlusive disease, there was gross scar near the apex, m1 cm2. None of these fibrous changes were observed in control hearts.
The two patients in group 2 had significant occlusive disease of the coronary arteries; in one patient this involved multiple points in two vessels. Both died during an acute infarction. Myocardium that was not involved in the latter process had similar alterations of interstitium as observed in group 1. To assess cardiac ultrastructure in chronic diabetes, electron microscopy was performed on left ventricular transmural biopsies obtained in two additional diabetics during open heart surgery for mitral stenosis. Multiple sections of the biopsy in the diabetic revealed that the interstitium was relatively prominent and characterized by accumulation of collagen and amorphous material, presumably glycoprotein with apparent extension into the T tubules (Fig. 4) . At higher magnification, fibroblasts appeared to be active as judged by chromatin localization at the nuclear periphery and a relative abundance of rough endoplasmic reticulum. Within the cardiac cell there were lipid bodies and some increase in mitochondrial number, with pleomorphism but no swelling or evident distortion of cristae. Myofibrils and intercalated disk appeared to be within normal limits, and there was only occasional dilatation of the sarcoplasmic reticulum. These morphologic abnormalities were absent in the nondiabetic with mitral stenosis.
To evaluate further the cardiomyopathic features in the diabetic, sections of muscle from the group 1, patients were taken at postmortem from the free wall at the apex and base, as well as from the anterior and posterior septum. These were trimmed of gross fat and vascular tissue. Despite some variation, the concentration of triglyceride in the left ventricle and septum was significantly elevated above that of nondiabetic controls without heart disease in the four sampling sites (Fig. 5) . The P value for free wall at 892 the apex was <0.05; for base <0.01, for anterior septum <0.05, and the posterior septum <0.05. Cholesterol concentration was elevated in all sampling sites, which was significant at the apex (P < 0.05) as well as the anterior (P < 0.01), and posterior septum (P < 0.05). Phospholipid concentrations did not differ significantly from the control group. These lipid alterations are similar to those in the diabetic animal model (4) and, as a diffuse process, is consistent with a cardiomyopathy. DISCUSSION A recent epidemiologic study has suggested that cardiac abnormalities in diabetics frequently occur without the usual risk factors associated with coronary atherosclerosis (38) . This is in general agreement with a quantitative description of coronary atherosclerosis in diabetics vs. age-and sex-matched controls in that the intimal surface area involved by fibrous plaques or complicated lesions was only modestly increased in diabetes (2). Our own study indicates that patients with cardiac symptomatology who are diabetic may have considerable malfunction of the ventricle as well as abnormal morphology and composition in the absence of significant large vessel occlusive disease.
Obliterative disease of the small coronary arteries has been thought to be important in the pathogenesis of cardiac disease in diabetes in the form of thickened intramural arteries, with occasional bridging of endothelial cells (39) (40) (41) . However, such lesions were also observed in nondiabetics without evident effects on cardiac muscle (39) . Although these studies did not specify the area of ventricle examined, small vessel disease limited to papillary muscles has been found in over 40% of an unselected and random sample of hospital necropsies (42) . Moreover, in amyloid heart disease (43), as well as endomyocardial fibrosis (44, 45) , small vessel involvement appears to be independent of tissue necrosis. or fibrosis, presumably because the arterial disease is patchy and sufficiently slow in progression to permit collateral development. The failure to find demonstrable obstructive lesions of intramural vessels in the free wall of the left ventricle in prior studies of diabetics (3, 46, 47) (49) . Thus, if abnormalities of small arteries or capillaries were present in the group A diabetics with altered ventricular function, these were apparently insufficient to restrict myocardial perfusion. However, one cannot exclude the potential for an occlusive process that is extensive and rapidly developing, so as to effect ischemia in some diabetics. A preclinical abnormality of left ventricular function has been previously reported in asymptomatic diabetics with normal heart size (5). The symptomatic patients of group A-1 were without heart failure but exhibited a significant change in diastolic parameters at rest and during afterload increments. The reduced stroke volume was presumably related to diminished filling of the ventricle, since ejection phase indices were not significantly reduced. Whether the reduction of end-diastolic and stroke volume in Group A-1 patients is related to a nonspecific factor, such as diminished physical activity due to angina, is considered unlikely. Patients with angina attributable to coronary disease, who do not have elevated filling pressures at rest and with heart rate in the normal range, have been shown to have a normal left ventricular end-diastolic volume (50); those with end-diastolic pressure elevation usually have enhanced end-diastolic volume (51) . At rest, subjects with normal filling pressures have stroke index (48) , or stroke work (52) levels which are not significantly different from controls. Conversely, normal subjects confined to bed for 5 days to 4 wk do not have a significant change of heart rate or stroke volume at rest (53) (54) (55) , despite a decrease in total heart volume (54). It is noteworthy that our group A-1 patients with only sporadic appearance of anginal symptoms, were not subject to continuous bed rest and were similar to the nondiabetic hemodynamic controls in terms of ad lib. ambulation during a hospital stay of 1-3 days before study. Thus, the reduction of stroke volume and enddiastolic volume atrest associated with elevated filling pressure, do not appear attributable to physical inactivity.
Since group A-1 was without heart failure or demonstrable cardiac enlargement with one exception, myocardial wall thickening, if present, was apparently minimal and insufficient to affect indices of wall stiffness (56) . Thus, the change in muscle function suggestive of enhanced wall stiffness may be related to altered composition in the form of interstitial glycoprotein and collagen accumulation observed in the morphologic studies. Extracellular structures are major determinants of muscle elasticity (57) , and the observations in these diabetics are analogous to the amyloid heart where deposits between cardiac muscle cells enhance wall stiffness (58) . In addition, in a diabetic animal model in which myofiber cell structure was normal, diminished end-diastolic compliance was also observed, without hypertrophy or altered indices of contractility (4). It is noteworthy that the progression from the functional cardiac abnormality of familial diabetes exhibited in group A-1 to a state of clinical decompensation does not require concomitant complications such as hypertension, marked obesity, or significant coronary atherosclerosis. While a mechanism is not clear, the amount and distribution of glycoprotein and collagen in the interstitium may constitute a major determinant of progression. Nondiabetic patients who have cardiomyopathy without hypertension or myocardial infarction may exhibit similar hemodynamic abnormalities as seen in diabetes. Thus, the response to afterload increments manifested as an abnormal rise of ventricular filling pressure without a stroke volume increase has also been observed in the preclinical phase of alcoholic cardiomyopathy (6) , in which the interstitium is also altered (59) . After the onset of decompensation the diabetic myocardium presumably exhibits properties similar to other etiologic types. Altered interstitium may be the predominant lesion in the incipient stages of amyloid heart disease where end-diastolic pressure rather than volume elevations are characteristic (58) . A similar, although less pronounced, pressure-volume abnormality may exist in diabetes. In addition, the extracellular pathologic process may limit the rate of calcium movement into the cardiac cell and with progression may result in iso- lation of myofibers or their replacement (60), with con-tion in myocardial interstitium has been previously sequent effects on cardiac function. observed. In the former, the PAS-positive material In a chronic animal model of insulinopenic diabetes generally assumed a brownish-red amorphous ap-(4) as well as in a small series of human diabetics pearance within the myocardial interstitium (4), in con- (61) , histochemical evidence of glycoprotein accumula-trast to collagen which stains pale pink (62) . This apparent glycoprotein accumulation also presented as linear streaks related to the surface of cardiac fibers. In this freshly obtained muscle, the PAS stain was associated with a grayish cell background, but in human postmortem hearts, the background was pink despite close attention to staining and photographic techniques. An artifactual basis may exist due to the postmortem interval before myocardial sampling.
In the diabetic patients of this sttudy, PAS-positive material was usually present in increased amounts compared to nondiabetic controls. Less amorphous than in the canine diabetic, the process assumed a reddish, more fibrous form, perhaps dependent on duration and intensity of the disease. This was most pronounced in close apposition to the cardiac muscle fiber and mav be related to the amorphous material observed in the tubular system and along the cell surface bv electron microscopy (Fig. 4) . The truly interstitial, more filamentous. PAS-positive material may represent collagen staining, either due to associated carbohydrate complexes or to additional glycoprotein associated with the collagen fibers. A diffuse distributiorn of collagen was observed throughout the interstitium on trichrome stains (Fig. 3) .
Although traditionally associated with capillary basement membrane, glycoprotein slaiiiing material has previously been observed in the interstitial tissue ofthe glomerular mesangium (63) as; wvell as myocardium (61) . Although frequently homogenous in appearance, fine tortuous PAS-positive filamentous deposits have been observed in the interstitium of many organs (61) . These may appear finely fibrillar on electron microscopy when associated with fibrous structures.
Although the pathologic observations did not include an examination of the question ot specificity for diabetic myocardiumn-, these findings diflelr not only from the classical infiltrative myopathies but also that associated with alcoholismii, where Alcian bLltc miiaterial has been observed with or without collageii increments in man (59) , as well as in the experimental animal (64) . However, differentiation from other causes of cardiomyopathy is presently uncertaini when morphologic data from other tissues is unavailable.
On the basis of observations irn the animal model, glycoprotein increments appear to occur relatively early in the course of diabetes associated with diminished diastolic compliance without an evident increase of interstitial collagen (4 (66) . The observed increments of myocardial triglyceride and cholesterol concentrations observed in the diabetic patients compared to controls of the same age range dying of noncardiac causes, is in accord with prior reports (67, 4) . Inasmuch as lipid accumulation was observed in samples taken from multiple sites in the heart (Fig. 4) , the diffuse abnormality of lipid metabolism is consistent with a cardiomyopathic process.
The available serum cholesterol and triglyceride levels of these subjects were within the normal range in the majority, in agreement with three prior studies indicating that elevated serum lipids are observed in approximately one-third of the diabetic population (68) (69) (70) . However, increments of plasma free fatty acids observed in the animal model (4) as well as in human diabetics (71) , may facilitate the process of triglyceride accumulation in myocardium.
